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This invention relates to an improved cathode fol 
lower circuit to provide an output signal which is an 
extremely faithful replica of an applied input signal. 
In particular this invention relates to the use of constant 
current through a cathode follower to maintain linearity 
between changes in input and output signal levels. 
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In the electronic arts generally, and particularly in 

the communication, TV, computer, automatic control 
and instrumentation arts, cathode followers are exten 
sively used. Cathode follower circuits are characterized 
as having high input impedance, low output impedance 
and a voltage gain which approaches unity. Such cir 
cuits make ideal isolation circuits or "buffers,” and are 
extensively used to couple low impedance loads to high 
impedance voltage sources, especially where the phase : 
or polarity inversion characteristic of ordinary amplifiers 
is to be avoided. However, for large excursions of the 
input signal applied to the grid of an ordinary cathode 
follower, appreciable differences in grid-to-cathode volt 
age result. Although the error or distortion is usually 
deemed insignificant in voice or speech transmission cir 
cuits, its effect on data transmission circuits and the like 
is regarded as serious, and it sometimes sets a limit on 
the accuracy of the overall system in which the cathode 
follower is employed. The invention establishes an en 
vironment for the cathode follower which is substantially 
independent of instantaneous input signal voltage. 

it is well known that the linearity of cathode followers 
is inherently greater with high u tubes, and that their 
linearity may be greatly increased by the use of a con 
stant current device in place of the more usual cathode 
resistor. This particularly applies to triode cathode fol 
lowers since the u of many triodes at constant current 
is independent of plate voltage. One well-known means 
for establishing this environment for a cathode follower 
consists in utilizing a pentode as the cathode resistor, and 
relies on the fact that for constant bias and screen volt 
ages, the pentode current is fairly independent of plate 
voltage. Similarly well known is the use of a triode to 
replace the normal cathode resistor as a constant cur 
rent means, but some difficulty exists in this connection 
in insuring that the constant current triode does not run 
into grid current. The present invention uses a triode 
as a means of establishing the constant current environ 
ment without the limitations of the prior art. The pres 
ent invention utilizes a triode constant current device 
in a manner such that greater stability is obtained with 
respect to tube drift than can be obtained by the use 
of the pentode of the prior art. In order to obtain this 
constant current environment one or more triodes are 
connected as cathode followers means to the cathode of 
the cathode follower in which a linear relationship is to 
be maintained between changes of input and output volt 
ageS. 
One of the objects of the invention resides in the pro 

vision of a constant current environment for a cathode 
follower system wherein the linearity established between 
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input and output voltage variation over a wide range of 
positive and negative going input signals, is better than 
has heretofore been possible by any means established 
under the prior art. 
Another object is to provide an improved in-phase 

relationship between the varying input and output signals 
of a cathode follower system regardless of signal level. 
A further object of the invention is to provide in a 

cathode follower system the same degree of linearity and 
phase relationship over a wide range of input signals for 
both positive and negative going input signals. 
A still further object of the invention is the establish 

ment of an environment for the cathode follower signal 
tube in which a greater stability with respect to control. 
tube drift is possible than in the prior art. 
Another object of the invention is to provide a novel 

and improved circuit arrangement wherein at least one 
electronic tube and associated circuitry is used as a 
linearizing element to improve the performance of a 
cathode follower system. 

Other objects of the invention will in part be obvious 
and will in part appear hereinafter. 
The invention accordingly comprises the features of 

construction, combinations of elements, and arrangement 
of parts, which will be exemplified in the constructions 
hereinafter set forth, and the scope of the invention will 
be indicated in the claims. 
... For a fuller understanding of the nature and objects 
of the invention reference should be had to the following 
detailed description taken in connection with the accom 
panying drawings, in which: 

Figure 1 shows a vacuum tube circuit in which a 
single pentode is used in the manner of the prior art to 
maintain a substantially constant current through a pen 
tode cathode follower system. - 

Figure 2 shows a vacuum tube circuit, where, in ac 
cordance with the invention, a single triode cathode fol 
lower is used to maintain a virtually constant current 
through a pentode cathode follower system. 

Figure 3 shows a vacuum tube circuit wherein in ac 
cordance with the invention, a plurality of triode cathode 
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followers are used each to assist another in maintaining 
constant current through a pentode cathode follower 
system. 

Referring to the figures, the electrical system shown 
in Figure 1 comprises a pentode vacuum tube V con 
nected as a resistance coupled cathode follower System 
in which a pentode tube is used as the cathode follower 
tube, and includes in its cathode circuit the resistor R1. 
together with the pentode tube V2 and its associated cir 
cuitry. Substantially constant screen voltage is applied 
to the screen 3 of the cathode follower tube, taken by 
way of example, from the battery source B1. Input to 
the cathode follower system is between terminals i0 and 
11 which are connected to control grid i2 and ground 
respectively. The plate 15 is connected to B-- and the 
suppressor grid 23 is connected to the cathode 4 in 
conventional manner. The output signal is developed 
across the cathode impedance and is applied across the 
very high resistance load resistor R5, appearing at the 
output terminal 25. For the pentode tube VI employed 
in the circuit of Figure 1, it is necessary that three 
parameters be held constant, or the effects of their varia 
tion eliminated. These are: the plate-to-cathode voltage; 
screen-to-cathode voltage; and the plate current. By the 
use of a vacuum tube having an unusually high plate 
resistance, the effect on grid-to-cathode voltage of un 
usually wide excursions in plate voltage can be made 
very small. The use of a dry cell provides constant volt 
age to the screen 3 independently of cathode follower 
operating level. The problem of maintaining constant 
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current in the cathode follower V is more difficult, par 
ticularly in view of the fact that the voltage drop across 
the cathode follower load resistor R1 varies with input 
level. in the prior art depicted by the circuit of Figure 
1, this current stabilization has been attempted by the 
use of a pentode V2. 

Referring now to the pentode V, its plate 16 is con 
nected to the lower end of the cathode resistor R1, whilst 
its cathode 17 is returned to the negative source of volt 
age through a conventional bias resistor R2. The Sup 
pressor 8 is returned to cathode 17 in conventional man 
ner, whilst the screen grid 2 is taken to the output con 
nection 22 of a fixed potential divider comprised of re 
sistors R3 and R4. The control grid 19 is connected at 
20 to the lower end of cathode resistor R2. 

Figure 1, therefore, represents a circuit of the prior 
art in which the problem of maintaining constant cur 
rent in the cathode follower tube regardless of instan 
taneous input signal has been attempted by the use of 
high resistance pentode tube as a constant current device. 
One drawback to the use of this device is that the screen 
resistors R3 and R4, together with the cathode bias re 
sistor R2, establish the plate current level at which V. 
operates, and since this establishes the current through 
V1, the linearity of the system is critically dependent on 
the stability of the screen potential established by the 
resistors R3 and R4. 

Figure 2 shows an electrical circuit according to the 
invention in which V1 represents a pentode cathode foll 
lower tube identical with V of Figure 1. Circuit ele 
ments common to Figures 1 and 2 are identified by sim 
ilar numbers. Substantially constant screen voltage is 
again conveniently taken from a battery although any 
floating constant voltage source may be used, and R. 
represents the cathode resistor. Signal input is applied 
between control grid 0 and ground 12 in conventional 
Inanner, the output being developed across the cathode 
impedance and applied across the high resistance level 
resistor R5. The output voltage appears at terminal 25. 
The lower vacuum tube V8 represents a triode connected 
according to the invention in Such a manner as to con 
trol the flow of current through V. Since the lower end 
of the cathode resistor R1 is necessarily negative with 
respect to cathode follower output, this resistor may be 
returned through a battery to the cathode 28 of V, the 
control grid 26, which is connected to the cathode 4 
of V1, B-- voltage being applied in normal manner to 
the plate 27 of V. 

It is well known that for an input of e volts at the 
control grid of V1, an output of approximately 

i.e. Ease, will be developed across the cathode circuit im 
pedance. For large increases of input signal this rela 
tionship diverges by an amount which increases with 
signal input, resulting in a progressively smaller voltage 
being developed across the cathode impedance. In the 
invention, this output voltage is applied in combination 
with a battery to the grid 26 of V in such a manner 
that the voltage at the control grid 26 of V is the result 
ant of the cathode output of V1 and the battery B. Thus 
any decrease in output from V1 causes a reduction in the 
effective grid voltage of Va and an increase in the cur 
rent drawn by V3, thereby increasing the voltage drop 
across R6. Since R1, the battery B2 and Rs are effec 
tively in Series, the drop in voltage across R is com 
pensated by the gain across R6. The grid voltage on V, 
is thus restored, and the current through V, is maintained 
at constant level. The second cathode follower tube and 
battery combination provides, within the limitations char 
acteristic of uncorrected cathode followers, an approxi 
mately constant voltage drop across resistor R, thereby 
assuring virtually constant current through tube V. 
Thus the Second cathode follower Vs functions as a cor 
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4. 
rective circuit to linearize the first cathode follower. 
Moreover, it has obviated the danger of a change in the 
current level through V due to possible drifting of the 
screen voltage associated with the current controlling 
pentode of the prior art. It has, in addition, the merit 
of a greater inherent stability than the pentode of the 
prior art, inasmuch as the triode constant current tube 
has a much greater stability with respect to tube drift, 
since a given change of grid-to-cathode voltage causes 
a smaller percentage change in the drop across its cath 
ode resistor. 

Figure 3 shows an electrical circuit according to the 
invention in which the degree of correction afforded by 
the second cathode follower V of Figure 2 has been fur 
ther improved by the use of a third cathode follower V4. 
Again, since the lower end of Rs is necessarily negative 
with respect to cathode follower output, it may be con 
nected in series with a battery to the cathode 39 of V4, 
the grid 29 of which is returned to the cathode 28 of V3. 
B-- voltage is applied in conventional manner to the 
plate 31 of V. - 

Referring to Figure 3, any reduction due to non 
linearity in the voltage developed across Rs will result in 
lowering the voltage at the control grid 29 of V thus 
increasing the current through V4 and its cathode re 
sistor R. This increase in voltage across the cathode 
resistor R of V4 is effectively in series with the battery 
B3 and R6, and thus tends to restore the voltage to ground 
of the cathode 28 of V, thereby maintaining virtually 
constant current through V3. In this manner error in the 
Second cathode follower V8 is virtually eliminated with 
the result that the environment of the first cathode fol 
lower is established almost entirely by the battery volt 
ages and is to a very high degree unaffected by the input 
signal. 

By cascading cathode followers in this manner, it is 
possible to reduce to an undetectable level the error be 
tween cathode follower output and input voltage provided 
that the first cathode follower operates into an extremely 
high impedance load. In actual practice, since this load 
must of necessity have a finite impedance, an irreducible 
error arises from load current. The non-linearity of 
transconductance of conventional vacuum tubes, there 
fore, introduces an irreducible error in the linearity of 
the complete system, regardless of the number of stages 
cascaded. It is apparent, therefore, that either embodi 
ment of the invention establishes a constant current en 
vironment for the cathode follower system wherein the 
linearity established between input and output voltage 
variations over a wide range of positive and negative in 
put signals is better than has heretofore been possible 
by any means established under the prior art. Moreover, 
a better phase relationship has been established between 
the varying input and output signals regardless of signal 
level, the same degree of linearity and phase correspond 
ence being maintained over a wide range of both posi 
tive and negative-going input signals. The invention pro 
vides, moreover, an environment for the cathode follower 
system which has a greater inherent freedom from control 
tube drift than is possible in the prior art. The invention 
thus provides a novel circuit arrangement wherein at 
least one electronic tube and associated circuitry is used 
as a linearizing element to improve the performance of a 
cathode follower system. 

It will thus be seen that the objects set forth above, 
among those made apparent from the preceding descrip 
tion, are efficiently attained, and since certain changes 
may be made in the above constructions without depart 
ing from the scope of the invention, it is intended that all 
matter contained in the above description or shown in 
the accompanying drawing shall be interpreted as illustra 
tive and not in a limiting sense. 

It is also to be understood that the following claims 
are intended to cover all of the generic and specific 
features of the invention herein described, and all state 

f 

s 



2,912,524 
5 

ments of the scope of the invention which, as a matter. 
of language, might be said to fall therebetween. 

Having described my invention, what I claim as new 
and desire to secure by Letters Patent is: 

1. A low-distortion cathode follower circuit, compris 
ing in combination; a pentode having a control grid con 
nected to receive an input signal which varies with respect 
to a ground potential, a cathode, a screen grid, and a 
plate connected to a suitable constant potential supply; a 
triode having a grid coupled directly to the cathode of 
said pentode, a plate connected directly to the plate of 
said pentode, and a cathode coupled through a constant 
potential supply and a first resistor to the cathode of said 
pentode and coupled through a second resistor to ground; 
and, a load coupled between the cathode of said pentode 
and ground to provide an output potential substantially 
equal to the input signal. 

2. A low-distortion cathode follower circuit, compris 
ing in combination; a pentode having a control grid con 
nected to an input terminal to receive an input signal 
which varies with respect to a ground potential, a cathode 
connected to an output terminal, a screen grid, a sup 
pressor grid connected to said cathode, and a plate con 
nected to a suitable constant potential supply; a triode 
having a control grid coupled directly to the cathode of 
said pentode, a plate connected directly to the plate of 
said pentode, and a cathode coupled through a constant 
potential supply and a first resistor to the cathode of said 
pentode and coupled through a second resistor to ground; 
and, a load impedance coupled between the cathode of 
said pentode and ground to provide an output potential 
substantially equal to the input signal. 

3. A low-distortion cathode follower circuit, compris 
ing in combination; a pentode having a control grid con 
nected to an input terminal to receive an input signal 
which is variable with respect to a ground potential, a 
cathode connected to an output terminal, a screen grid 
connected through a constant biasing potential to said 
cathode, a Suppressor grid connected to said cathode, and 
a plate connected to a suitable constant potential supply; 
a triode having a grid coupled directly to the cathode of 
said pentode, a plate connected directly to the plate of 
said pentode, and a cathode coupled through a constant 
potential supply and a first resistor to the cathode of said 
pentode and coupled through a load resistor to ground; a 
load impedance coupled between the cathode of said 
pentode and ground to provide an output potential; said 
pentode providing, in response to an input signal, an out 
put signal on its cathode equal to the input signal plus an 
error due to distortion; said input signal plus error con 
stituting the input signal provided on the grid of said 
triode and causing a change in the potential drop across 
the load resistor of said triode tending to correct for the 
error signal by changing the sum of the potentials appear 
ing across the series connection of the first and load re 
sistors by an amount to substantially compensate the 
eo. 

4. A low-distortion cathode follower circuit compris 
ing; a pentode and a triode, input means connecting to 
the control grid of said pentode to receive an input signal 
which varies with respect to ground potential, output 
means connecting the cathode of said pentode across a 
load to ground, means connecting the plate of said pen 
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tode to the plate of said triode and to a constant poten 
tial, means connecting the cathode of said pentode directly 
to the grid of said triode, means connecting the cathode 
of said pentode to the cathode of said triode through a 
first resistor and a second constant potential source in 
series, means connecting the cathode of said triode 
through a second resistor to ground, said first resistor 
and said second constant potential and said second re 
sistor providing a series connection between the cathode 
of said pentode and ground, whereby the potential ap 
pearing across said second resistor provides a correction 
for error potentials appearing across said series connec 
tion between the cathode of said pentode and ground. 

5. A low-distortion cathode follower circuit compris 
ing, a pentode and a triode, input means connecting to 
the control grid of said pentode to receive an input signal 
which varies with respect to ground potential, output 
means connecting the cathode of said pentode across a 
load to ground, means connecting the plate of said pen 
tode to the plate of said triode and to a constant poten 
tial, means coupling the cathode of said pentode directly 
to the grid of said triode, means connecting the cathode 
of said pentode to the cathode of said triode through a 
first resistor and a second constant potential source in 
series, means connecting the cathode of said triode 
through a second resistor to ground, said first resistor 
and said constant potential and said second resistor pro 
viding a series connection between the cathode of said 
pentode and ground, said second resistor providing means 
for introducing a corrective potential to the potential 
appearing across said series connection, said corrective 
potential resulting from cathode current flow that varies 
in the opposite direction to the variation in the error 
potential appearing on the grid of said triode and thus 
provides a corresponding corrective decrease or increase 
in the potential appearing across said second resistor and 
accordingly in the sum of the potentials in said series 
connection. 

6. A circuit according to claim 1 having a second triode 
including a plate, a cathode and a control grid; means 
coupling the plate of said second triode directly to the 
plate of said first triode, means coupling the grid of said 
second triode directly to the cathode of said first triode, 
means including a resistor and a constant potential supply 
coupling the cathode of said second triode to the cathode 
of said first triode, and means coupling the cathode of 
said second triode directly to ground. 
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